The ability to switch between responses to the same stimuli is explained through the internal regulation and modulation of intentions, or task sets. Attempts have been made to identify the necessary stages or component processes that enable a successful switch from one task set to another (e.g., Meiran, 1996 Meiran, , 2000 Meiran, Chorev, & Sapir, 2000; Monsell, Yeung, & Azuma, 2000; Rogers & Monsell, 1995) . That some portion of the task switch process is not completed until the arrival of the imperative stimulus has been inferred from residual costs to performance, after a change in task, that remain despite sufficient time to prepare for it. The source of these residual costs is the subject of some debate (e.g., Allport, Styles, & Hsieh, 1994; De Jong, Berendsen, & Cools, 1999; Meiran, 1996; Rogers & Monsell, 1995) .
In what has become a seminal paper in the modern study of task switching, Allport et al. (1994) compared performance when only one task per block of trials was required with performance when two tasks were alternated within a block. Using a Stroop task (subjects read the word, named the ink color, or alternated between the two), Allport et al. increased the interval between the response to the last stimulus and the presentation of the next stimulus (Experiment 5). There were large performance costs associated with switching from naming the ink color to reading the word but none associated with switching from reading to naming, and increasing the response-stimulus interval had no effect on the costs. On the basis of these findings, they proposed that switch costs are due to task set inertia (TSI), a passive process of proactive interference from the previous task set. Allport et al. asserted that the proactive interference from the nondominant (ink color naming) task would be greater than that from the dominant (word reading) task because the nondominant task set must be more strongly implemented to be successful. Disengaging from the nondominant task would thus be more difficult, and the cost of switching to the dominant task would be large. The dominant task, on the other hand, requires little effort and would create little inertia, so the cost of switching to the nondominant task is minimal. Because increasing the preparatory interval did not eliminate switch costs, it also seemed that subjects could not completely overcome the inertia of the prior task until they were presented with the imperative stimulus. The results of a later study, which addressed some of the problems described below, caused Wylie and Allport (2000) to reject the TSI hypothesis in favor of a retrieval hypothesis: Interference from the previous task performance arises because of learned associations between stimuli and responses that have long-term effects on performance. This hypothesis also predicts a dominance asymmetry in switch costs.
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Following Allport et al.'s (1994) original contribution, Rogers and Monsell (1995) developed the alternating runs paradigm, in which their subjects switched and repeated tasks within the same block. This modification was made because of possible confounds when pure and alternating blocks are compared, such as arousal, attention, and demands on memory. Their findings did not completely support the inertia hypothesis, nor did they completely refute it. In their experiment, the task was cued by the position of a pair of characters in a 2 3 2 matrix. When they randomly varied the response-stimulus interval, they replicated the striking results of Allport et al.: There was no reduction in the switch cost with an increasing interval. However, when they used a constant foreperiod within each block, they found that the switch costs were significantly reduced, but not eliminated, by increasing the interval. They proposed two components to the task switch process: One is an active and endogenoustask set reconfiguration,and the other, which gives rise to residual costs, is triggered exogenously by the arrival of the stimulus. 1 Meiran (1996) noted that in Rogers and Monsell's (1995) study, foreperiod is confounded with remoteness from the previous trial. If the TSI hypothesis is correct, the inertia created by the previous task set could dissipate gradually over the course of this interval, explaining the foreperiod effect without assuming an endogenous reconfiguration process. Meiran (1996) used cues to indicate which task the subject should perform and found that lengthening the interval between the cue and the target resulted in a rapid reduction in switch costs and that lengthening the interval between the response to the previous trial and the presentation of the cue led to a more gradual, but significant, reduction as well. He proposed three dissociable components of the task switch process: a passive decay of the previous task set, active reconfiguration of the new task set, and a residual component, akin to TSI, that is not removed until stimulus onset.
Our purpose in Experiment 1 was to determine whether the "stubborn" residual switch costs are a necessary component of the task switch process (cf. Pashler et al., 2000) or whether they can be eliminated under certain task conditions. Rogers and Monsell (1995) demonstrated that a predictable target onset time was one factor that reduced (but did not eliminate) switch costs. Meiran (1996) , unlike Rogers and Monsell, found that switch costs did decrease with an increasing preparatory interval, even though the preparatory interval randomly varied in his experiment. Meiran (1996) proposed that this discrepancy might be due to his use of explicit instructional cues, noting that perhaps the processing of the positional cues for task used by Rogers and Monsell was more easily disrupted by a randomly varying foreperiod than that of his more potent instructional cues. We therefore used salient and easily interpreted cues (thus eliminating doubt about the task to be performed) and a constant cuetarget interval within a block of trials (thus allowing subjects to accurately predict the arrival of the imperative stimulus).
We also used as simple and well understood a response system as possible: saccadic reactions toward or away from stimuli. The broad range of tasks that has previously been used to explore task switching represents a range of cognitive processes, some aspects of which are poorly understood and most of which require relatively complex cognitive operations. The strategy of using simple model tasks has been advocated by Posner (1993) , who noted that they have a metaphorical relation to the use of model systems in neurobiology, where one studies the simplest nervous system that exhibits the desired property (p. 391). By avoiding possible overcomplication with other intervening factors and variables, the use of model tasks can be an effective way to isolate and study a specific cognitive process. The mechanisms controlling eye movements are simpler and better understood than those underlying the performance of the tasks that have typically been used in task-switching studies. In support of our choice, Kennard, Crawford, and Henderson (1994) noted that "saccades can be used to serve as a model system for the analysis of the neural control of motor performance" (p. 884).
EXPERIMENT 1
In Experiment 1, a saccadic reaction time (RT) task was used to examine the costs associated with switching between runs of eight compatible trials alternating with runs of eight incompatible trials. To provide a simple and unambiguous cue, a green or a red border appeared around the screen at the initiation of every trial. A green border ( go), indicatingcompatible stimulus-response (S-R) mappings (saccade to the target), and a red border (stop), indicating incompatible S-R mappings (saccade away from the target), are potent cues that should eliminate uncertainty about which task to perform. A uniform preparatory interval within each block also allowed subjects to predict the arrival time of the target. If residual costs are a necessary component or by-product of the reconfiguration process, residual switch costs, not attributable to doubt about the task or the target onset, should be found on switch trials, regardless of the cue-target interval.
Method
Subjects. Fifteen students were recruited from a Dalhousie University introductory psychology class and were given one credit point toward their final mark for their participation. All had normal or corrected-to-normal vision. The subjects in this and the following experiments were made aware that their involvement was voluntary and could be withdrawn at any time if they so wished. Three subjects were eliminated for errors and rejected trials exceeding 65% in any one of the three blocks of trials or exceeding 75% in any one cell.
Apparatus. The subjects were seated in a dimly lit room, 57 cm from a 17-in. SVGA ViewSonic monitor with 256 colors and a resolution of 640 3 480 pixels, set to refresh every 8 msec. An EyeLink eye-tracking system was used to monitor eye movements and detect saccades (see Klein & MacInnes, 1999 , for more information).
Stimuli. On a black screen, a white central fixation point, 1º of visual angle in diameter with a 0.1º black center, was flanked 8º to the right and left by peripheral markers. The markers, which indicated the possible stimulus location, were two white outlines of squares sub-tending 1º 3 1º. The stimulus to which the subjects responded was simply one of the two markers filling in white. The markers and the fixation point remained on the screen for the duration of the experiment. The instructional cue was a border, 0.1º in width and 1.05º from the edge of the monitor, which could be either red or green.
Procedure. Each subject completed three blocks of 104 trials. Figure 1 illustrates the series of events that made up a trial. At the beginning of every trial, a red or green border appeared around the screen, followed by a stimulus, one of the markers filling in white, which appeared randomly in either the left or the right marker. The subjects were instructed to interpret the border as follows. If it is green, look at the stimulus when it appears. If it is red, look away from the stimulus to the marker on the opposite side of fixation. Thus, green instructed a prosaccade, and red an antisaccade. The stimulus onset time (200, 550, or 1,100 msec after the onset of the border) was manipulated between blocks, and the order was fully counterbalanced across subjects. The instructional cue (the green or red border) changed color every 8 trials, so that the subjects made eight compatible responses, followed by eight incompatible responses, followed by eight compatible responses, and so on, for the duration of the block. Although the switch was predictable, when they were explicitly asked, none of the subjects had noticed that the instruction switched every eight trials. 2 Saccades to the stimulus on green-border trials and saccades to the opposite marker from the stimulus on red-border trials were classified as accurate.
Eye position sampling began when the subject initiated a trial by pressing the space bar. If gaze stability was detected, the trial began; otherwise, the subject had to reinitiate the trial by pressing the space bar again. Two hundred milliseconds after a satisfactory initiation, the colored border appeared. The target stimulus then appeared after the stimulus onset asynchrony (SOA) for that block of trials had elapsed. The latency and destination of the first saccade after the onset of the stimulus was recorded. Throughout the trial, blinks, eye drifts, and incomplete or incorrect saccades resulted in a warning beep. For the purpose of feedback to the subject during the experiment, a saccade was considered accurate if it landed within one visual degree of the center of the stimulus; any other location resulted in a warning beep. The trial ended either after a saccade was made or after 1,500 msec from the onset of the stimulus if no eye movements were detected.
Analysis. The first eight trials of each block were considered practice trials and were excluded from analysis. Trials were classified with numbers 1-8 to indicate their position after the switch, with "1" being a switch trial (the first trial of a new task set). Three-way repeated measures analyses of variance (ANOVAs) were carried out on RTs and errors, with border-target SOA (200, 550, and 1,100 msec), task (compatible or incompatible), and position (trial after the switch, from 1 to 8) as factors. In addition, planned comparisons between the switch trials (1) and Trials 4, 5, 6, and 7 of the run were carried out in order to identify those conditions in which a switch in task had a significant effect on RTs or errors. Trials 2 and 3 were excluded from these comparisons because, conceivably, the subjects could still be switching from the prior task set on these trials; Trial 8 was excluded because it might be affected by the impending switch. Among the accurate saccades, latencies of less than 80 msec and more than 1,200 msec (i.e., after the target was removed), which amounted to 0.14% of the trials, were also excluded. Because the direction of the executed saccade was more important than its precision, we counted as errors those saccades that traveled more than .8º of visual angle in the wrong direction. Saccades that traveled at least an equal distance in the correct direction were considered correct. All other saccades were excluded from the RT analyses.
Because trials were subject initiated (a requirement of the eyemonitoring equipment), the amount of time from a response to a target until the appearance of the cue for the next trial (intertrial interval, ITI) was controlled by the subject in this experiment. Although the cue as to which task to perform next was not present during this period, to ensure that this interval had no effect on saccadic latencies on the subsequent trial, we computed, for each subject, the trial-by-trial correlation between these latencies and the preceding ITI. A negative correlation would indicate that the subjects had responded faster after they had taken a longer time between trials. The average correlation across subjects was .068 for prosaccades and .064 for antisaccades (a negative correlation was signif icant for none of the 12 subjects; 3 subjects had a significant positive correlation in either the pro-or the antisaccade condition), indicating no consistent pattern between ITI and saccadic latencies. The ITI was not considered in further analyses.
Results and Discussion
Reaction times. The results from Experiment 1 are illustrated in Figure 2 . There was a significant main effect of task [F(1,11) 5 41.545, p < .0001], indicating that the subjects were faster for prosaccades than for antisaccades. The main effects of SOA [F(2,22) 5 3.397] and position [in the run following a switch in task; F(7,77) 5 1.072] were not significant. The crucial interaction between position and SOA was significant [F(14,154) 5 8.321, p < .0001]. As can be seen in Figure 2 , the 200-msec condition showed dramatic switch costs that were absent in the 550-and 1,100-msec conditions. No other interactions were significant. Planned comparisons (Table 1 ) revealed significant switch costs in the 200-msec SOA condition for both prosaccades and antisaccades. In the 550-and 1,100-msec SOA conditions, no switch costs were found. In the 1,100-msec SOA condition, switch trials were significantly faster than repeat trials, reflecting a surprising benefit for switch trials, rather than a cost.
Errors. Figure 2 and Table 1 , upper panel). There was also a significant interaction between task and position [F(7,77) 5 11.45, p < .0001], representing greater costs for prosaccades than for antisaccades. Planned comparisons revealed significant switch costs for both prosaccades and antisaccades in the 200-msec SOA condition (see Table 1 ). Prosaccades in the 550-msec condition showed a significant cost. There were no other significant switch costs in the remaining conditions. Considering that spatially compatible and incompatible saccadic eye movement responses to visual stimuli appearing on the left and right are conceptually similar to the dominant (word reading) and nondominant (color naming) tasks used by Allport et al. (1994) , it is interesting to determine whether the cost of switching from the nondominant (spatially incompatible) to the dominant (spatially compatible) task would be larger than the cost involved when switching the other direction. Although the saccadic latencies in the 200-msec condition did not show such an effect, we did find the predicted interaction in the error data. We also observed a reliable, yet surprising, benefit for switch trials at the long interval for both pro-and antisaccades.
The highly significant interaction between SOA and position indicates that the position of the trial after the switch had a different effect when different SOAs were used. From Figure 2 and Table 1 , it is clear where this interaction lay: In this experiment, we did not detect residual switch costs in either RT or accuracy when the long SOA was used. Thus, the results from Experiment 1 support the hypothesis that subjects can completely reconfigure their task set before the arrival of the imperative stimulus.
The absence of residual switch costs appears to violate conventional wisdom (Pashler et al., 2000) . Before accepting that we have truly eliminated residual switch costs, we thought it prudent to test the possibility that a subtle speed -accuracy tradeoff was obscuring switch costs. It is conceivable that the subjects were executing saccades that were not fully prepared in the conditions in which residual costs were not found. In other words, perhaps there would have been switch costs in saccadic RT if the subjects had prepared their saccades to the same degree across condition.Premature execution of a saccade in the correct direction could lead to less accurate or more variable saccades. We therefore examined the constant error (signed distance between landing position and the target in degrees, with positive values indicatingovershoots and negative values indicating undershoots) and the variable error (standard deviation of the constant error) of saccades. Neither constant error nor variable error revealed any effect of position in the run, and no interactions involving position were significant. 3 Hence, the absence of residual switch costs with saccadic responses was not due to prematurely launched saccades in the conditions in which residual switch costs would have been expected.
EXPERIMENT 2
As was predicted in the introduction, the absence of switch costs in Experiment 1 can be attributed to the combination of a sufficiently long preparatory interval, a predictable target onset time, and an easily interpreted task cue. On this view, any task that meets these criteria should show a similar pattern of switch costs. Two other features of Experiment 1 are unique in the literature and might have contributed to our finding. First, in addition to the conditions described above, the simplicity of the saccadic response system might have been responsible for the elimination of residual switch costs. If this were the case, then when an arbitrary manual response is required (as in many other task-switching studies), residual switch costs would return, despite the conditions outlined in the introduction having been met. The second unique feature, self-initiation of each trial, was a consequence of the fact that eye position was monitored. Although we found no relationship between the length of the ITI and subsequent RTs, it is possible that having control over this interval has a more general effect on behavior that results in the elimination of switch costs.
Experiment 2 is similar to Experiment 1 in all respects except that, rather than making eye movements toward or away from the peripheral targets, the subjects made spatially compatible or incompatible keyboard responses. Two versions were run: In one, the rate of trial presentation was constant, with an ITI of 3,300 msec; in the other, the subjects initiated each trial by pressing the space bar. If the conditionsoutlined in Experiment 1 are sufficient for the elimination of residual costs, they will also be eliminated in both versions of Experiment 2. If, in addition to those conditions, the use of saccades is necessary, residual costs will remain in both versions of Experiment 2. Finally, if self-initiation of the trials is a crucial condition for eliminating switch costs, we will observe residual costs only in the self-initiated version of Experiment 2.
Method
Subjects. Twenty-four students and employees of Dalhousie University participated in the present experiment, and the students were given one credit point toward their final mark in an introductory psychology class for their participation. All had normal or corrected-tonormal vision. Twelve were run using a fixed ITI; 12 were run using a subject-initiated procedure like that in Experiment 1.
Apparatus, Stimuli, and Procedure. The apparatus, stimuli, and procedure were the same as those in Experiment 1, with the following exceptions. (1) Rather than saccades toward or away from the targets being made, manual responses were made using the "Z" and "/ " keys (positioned on the left and right sides of the keyboard, respectively). (2) The subjects pressed either the key that was on the same side as the stimulus or the key that was on the opposite side from the stimulus, depending on the border's color: green signaled a compatible response (e.g., left response to left), and red signaled an incompatible response (e.g., right response to left stimuli). (3) For 12 subjects, the ITI was constant at 3,300 msec. The remaining subjects self-initiated each trial by pressing the space bar.
Analysis. Repeated measures ANOVAs were conducted on RTs and error rates on the data from both versions of Experiment 2, for comparison with Experiment 1. A second pair of ANOVAs that included group as a between-subjects factor was conducted on RTs and errors in order to assess the effect of self-initiation on the pattern of results. Planned comparisons between Trial 1 and the mean of Trials 4, 5, 6, and 7, as in Experiment 1, were conducted for each version of Experiment 2. The overall mean correlation between ITI and RT on the subsequent trial was .062 for compatible trials and .080 for incompatible trials (only 1 subject reached a significant negative correlation among compatible or incompatible trials, and 3 had significant positive correlations). ITI was not considered in further analyses.
Results and Discussion
Reaction times. The results of Experiment 2 are shown in Figure 3 Table 1 ). Collapsed across compatibility, costs on switch trials were larger in the 1,100-msec condition than in the 200-msec condition [F(1,46) 5 4.88, p 5 .032].
ANOVAs on RTs and errors, with group included as a factor, revealed only two significant interations for RTs involving the group factor: group 3 position [F(7,154) 5 17.86, p < .0001] and group 3 position 3 SOA [F(14,308) 5 2.49, p 5 .0023]. The source of these interactions can be seen in Table 1 : Switch costs were generally larger for the subject-paced group than for the experimenter-paced group. We can only speculate on the cause of this unexpected difference, the explanation of which will await further experimentation. 4 It is important, however, to note that the presence of larger switch costs with self-initiation in the manual task of this experiment makes even more impressive the complete absence of residual switch costs in the saccadic task of Experiment 1, in which self-initiation was also used.
Large costs to RTs were incurred when the subjects were given only 200 msec to prepare for a switch in task. Although these RT costs were eliminated in the 1,100-msec condition,there were significant residual costs to accuracy at this interval. In fact, costs to accuracy grew larger with increasing SOAs. The presence of switch costs at the long interval in both versions of the second experiment is consistent with the hypothesis that our model task, saccadic reactions toward and away from onsets, was crucial for the elimination of switch costs in the first experiment. The fact that there were residual costs in both versions of the manual task allows us to conclude that the lack of switch costs at long intervals in Experiment 1 cannot be attributed to subjects' self-initiating the trials. 5
GENERAL DISCUSSION
The residual switch costs that were absent in Experiment 1 were present even at long response-stimulus intervals in the Meiran (1996) and Rogers and Monsell (1995) studies. As was argued in the introduction, the design of these previous experiments may have introduced an element of uncertainty into the task, whose effect was magnified by a switch in task. This feature is not sufficient to explain all residual costs, because costs to accuracy were found at the longest SOA in the manual task, when these potential sources of residual switch costs were eliminated. The switch costs in accuracy in the manual task showed an unexpected increase with increasing preparation time that was quite opposite to that found in the saccade data, where errors on switch trials decreased with increasing SOA. The pattern of the saccadic error data, besides being what one would logically expect, also complements that of the RT data, which showed a decrease on switch trials with increasing SOA. In the manual data, the pattern of RTs remained the same, but the pattern of errors was reversed: With increasing SOA, there was an increase in errors on switch trials. The dominance asymmetry predicted by the retrieval hypothesis (Wylie & Allport, 2000) was also a stable feature of our data.
It might be suggested that we did not find switch costs in the saccade experiment because we did not have sufficient power to detect them. This is unlikely, because we had sufficient power to obtain significant switch costs at the shorter intervals where we expected them. At the 200-msec interval, power to detect switch costs in RTs was .95 for prosaccades and .99 for antisaccades. In the error data, power was .99 for prosaccades and .44 for antisaccades. To further explore this suggestion, we examined the data on a subject-by-subjectbasis, classifying a positive switch cost of any magnitude in either RT or accuracy as a switch cost for that subject. Strongly supporting the manual/saccadic difference described above, the results (see Table 2) show that fewer than half of the subjects in the saccade experiment had positive switch costs to either RTs or accuracy at the longest interval, whereas a much larger proportion of the subjects in the manual experiments showed Note-The number of subjects exhibiting switch costs to either reaction time or accuracy (i.e., any positive difference between Trial 1 and the mean of Trials 4, 5, 6, and 7) are shown out of the total number of subjects in the experiment.
this pattern. The subjects were relatively unpracticed in our experiments, as compared with other task-switching studies, and it might be suggested that this somehow was responsible for the absence of switch costs with saccades at the longer intervals. The finding that switch costs (which are inefficiencies in performance) decrease with practice (Rogers & Monsell, 1995) makes this suggestion highly unlikely. In a prosaccade task, the subjects respond to the imperative stimulus by making an eye movement, a natural response to a visual onset. Responses strongly associated with a specific stimulus-for example, because of evolutionarily designed connections, in the case of saccadesmay show a qualitatively different pattern of switch costs than do more arbitrary responses, such as pressing a prespecified key. In most other laboratory tasks, additional processing is required to translate the task-relevant attribute of the stimulus into the arbitrary response required in instructions by the experimenter. A relevant theory of the S-R relationship is proposed by Logan (1988) . When a novel stimulus, such as an arithmetic problem, is encountered, the answer is calculated with a learned algorithm. Logan argues that when we encounter the same stimulus later, previous processing episodes may be retrieved from memory, providing an alternative to algorithmic computation. If one thinks of this as a race between two ways of arriving at an answer, the algorithm wins at first, but as the stimulus is encountered repeatedly, more instances are encoded into memory, and the probability of retrieving the answer before the algorithm is completed increases. If this theory is correct, a plausible source of some portion of residual switch costs is interference from the automatically retrieved memory trace associated with previous, similar trials. On a trial that uses the same rule as the previous ones, performance is facilitated by this process because the appropriate response is retrieved, but on switch trials, interference will be obtained because initially an incorrect response is retrieved.
In the arithmetic example cited above, the learned algorithm is time consuming. Prosaccades are likely to show a different pattern because the algorithm, being an evolutionarily provided reflex, is so efficient and automatic that the memory retrieval process may rarely, if ever, win the race. Whereas, in most other tasks, a portion of the task switch cost is due to interference from retrieval of previous episodes, in the saccade task, the algorithm is computed long before any interference from the previous instance can begin. On an antisaccade switch trial, we assume that because the prosaccade task does not require much attentional control to be performed, it does not generate a memory trace of its own that is powerful enough to interfere with antisaccade performance.
Adding a degree of learned response translation, as in pressing a prespecified key to the visual stimuli, results in the reappearance of residual switch costs. The main assumption of our explanation is that, with eye movements in response to visual onsets, computing the metrics (Becker, 1989 ) of a saccade needed to acquire the target is already so reflexive that it is more efficient than retrieving previous episodes from memory. In effect, the costs in the saccadic task more accurately represent the time required to reconfigure a task set, uninfluenced by memory retrieval processes, than do those in the manual task in this study, which has a less reflexive and a somewhat arbitrary, although compatible, S-R mapping. With practice, the manual task would follow a pattern more similar to that described by Logan (1988) : As the manual task is repeated, the source of responses is increasingly more likely to be retrieved instances of previous encounters with the target stimulus. When the instructional border changes, the retrieval of the most recent S-R episodes will interfere with a correct response to the current one, causing slower responses and a higher incidence of errors. This account of residual switch costs, shown in Figure 4 , is consistent with the response retrieval hypothesis proposed by Wylie and Allport (2000) and with Meiran's (2000) model of task switching, which links residual costs to a response selection stage. It is also consistent with the recent findings of Mayr and Kliegl (2000) , suggesting that the "active," preparatory component of the task set reconfiguration process represents retrieval of task rules from long-term memory. This instance retrieval hypothesis may explain the asymmetry of switch costs between dominant and nondominant tasks as well (Allport et al., 1994) . Consider that the nondominant task, being more difficult to perform, would likely rely more heavily on memory for responding. This reliance on memory retrieval could carry over into the dominant task after the instruction has changed and could impede a fast and accurate response. The dominant task would rely less on memory and would, therefore, lay down weaker traces that would not have as strong an effect when switching to the nondominantrule. 6 That residual switch costs might not be a necessary component of the task switch process is also shown by De Jong et al. (1999) , who propose that residual switch costs could be due to a failure to maintain the task goal on some subset of switch trials. The trials for which switch costs do appear represent a failure of the subject to engage in a complete active reconfiguration of the task set, what they call goal neglect, and on the trials for which no switch costs are found, the goal state has presumably been attained. In our experiment, switch costs were absent when saccadic responses were used. Within the De Jong et al. framework, this might be interpreted by assuming that the proposed goal neglect occurs only when the response is vulnerable to interference from memory retrieval. 7 Another feature of the manual task data that is relevant to the goal neglect hypothesis is the interaction of the switch cost with the preparatory interval in the error data, which was counter to expectation: The error rate on switch trials increased with increasing preparatory intervals. This result suggests that the longer the interval between the instructional cue and the target onset, the more likely it is that attention may drift from the task. This is in line with the well-established U-shaped function of RT with an increasing warning cue to target interval (e.g., Posner, Klein, Summers, & Buggie, 1973) . The drift in alertness could have caused an increase in errors on switch trials as the SOA increased to 1,100 msec. At the 200-msec SOA, responding was delayed until the task set reconfiguration process was completed. A response that followed was made with little cost to accuracy, because the target arrived before attention had drifted from the task set. At 1,100 msec, the reconfiguration process was completed long before the target stimulus arrived. Responses were fast because the switch had been completed; however, the extra time since the switch completion provides an opportunity for alertness to drift, and when it does, the retrieved memory of recent episodes results in an increased number of errors. In support of this explanation, Chorev and Meiran (1998) have shown that inducing phasic alertness results in a reduction of residual switch costs.
The lack of residual switch costs in the saccade task is at odds with the finding of an otherwise identical manual buttonpress task and with results in the literature (e.g., Allport et al., 1994; Meiran, 1996 Meiran, , 2000 Rogers & Monsell, 1995) . A potentially important consideration with regard to the previous task-switching research is that the task switch in many other studies required a switch between aspects of the same type of stimulus-for example, between the color and the word in Allport et al.'s study. The contribution to the magnitude of the residual cost made by switching between stimulus dimensions is not known and may also be an important factor in reducing the residual costs that future research could address. Another intriguing finding in the present study was the reliable benefit for switch trials at the long interval in both saccade tasks. Future investigation may reveal the source of this puzzling benefit. 8 An interesting and testable hypothesis arises from our interpretation of the present results: S-R mappings that have properties similar to the saccadic response to visual stimuli would show a similar distinctive pattern. There is evidence to support the existence of such a class, which we choose to call hypercompatible-that is, the relationship between the stimulus and the response is sufficiently strong to require very little attention or memory to perform. Members of this class can be distinguished from other S-R mappings in that they show (1) unusually small practice effects, (2) little to no dual-task interference (e.g., see Pashler, Carrier, & Hoffman, 1993) , and (3) no increase in RT with number of alternatives (see, e.g., Dassonville, Lewis, Foster, & Ashe, 1999; Fitts & Posner, 1969, p. 105) . There are several candidate members of this hypercompatible class of S-R mappings, including tactile choice reactions (Leonard, 1959) , tasks that Greenwald (1970 Greenwald ( , 1972 has described as being high in ideomotor compatibility (i.e., the target stimulus is similar to the sensory feedback that a response produces, as when you repeat back what you hear), and highly overlearned S-R mappings (Mowbray & Rhodes, 1959) . Our interpretation of the findings of the present study suggests that, like the saccadic task used in Experiment 1, these other hypercompatible tasks might show an elimination of switch costs at long preparatory intervals when salient cues are used to indicate the task to be performed. 9 ing that some degree of deliberateness was involved in initiating the manual task trials, one would expect this to reduce switch costs, not increase them.
6. To the extent that a component of the residual switch cost is due to episodic retrieval of previous similar episodes, it might be interesting to look at the most recent episode (from the immediately preceding trial), whose trace would be strongest, to see whether costs are greater when the rule changes and the stimulus or the response stays the same. In our paradigm, this comparison is completely confounded, since on a switch trial the response remains the same when the stimulus changes and vice versa. Moreover, effects from the immediately preceding trial might be influenced by more explicit strategies, such as a tendency toward response perseveration or response alternation. The tendency (Fletcher & Rabbitt, 1978) for subjects in a choice RT task to sometimes use a shortcut strategy (e.g., if the stimulus is the same as in the previous trial, repeat the response; if it is different, alternate) might also apply in task-switching studies. Indeed, Rogers and Monsell (1995) and Meiran (1996 Meiran ( , 2000 found that when the task switches but the response repeats, RTs are slowed, as compared with when both task and response concurrently switch, and we show a similar effect in our experiments (when there is a switch cost), suggesting that when the task switches, there is a tendency to also switch responses. Importantly, when switch costs were eliminated (at the 1,100-msec interval in the saccade task), so too was this response alternation advantage: We obtained similar switch trial benefits (not costs) for both response repeat and response alternation trials (30.18 and 24.54 msec, respectively).
7. An interesting prediction arising from this hypothesis, pointed out by Ulrich Mayr, is that RTs on compatible error trials should be similar to those on correct incompatible trials, and likewise RTs on incompatible error trials should be similar to those on correct compatible trials. Regrettably, not enough errors were made in the manual task to assess this prediction. It would be interesting to test this hypothesis in a study with a larger number of errors.
8. During the preparation of this article, we became aware of a study (Cherkasova, Manoach, Intriligator, & Barton, 2002 ) that compared switch and repeat trials with pro-and antisaccades, using a cue-target interval of about 2 sec. In this study, there were RT switch costs for prosaccades (unlike in our study) and benefits for antisaccades (as in our study).
9. It might be argued that it was merely the alternation between proand antisaccades that was responsible for the elimination of switch costs in Experiment 1 and that the factors discussed in the introduction, which may be important for reducing switch costs with nonhypercompatible mappings, were not essential. In another study, we repeated the conditions of Experiment 1 while varying the cue-target SOA randomly rather than in separate blocks. To ensure that there would be temporal uncertainty for the trials with a 1,100-msec SOA, we included a fourth interval (1,500 msec). In contrast to the complete absence of switch costs in Experiment 1, when the SOAs were randomly intermixed there were significant switch costs in accuracy at the 1,100-msec SOA.
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